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Introduction
the results obtained are unsatisfactory, additional strategies are needed to reinforce the 39 7 described above to prepare F-12, F-20 and F-40, respectively. The CFAL/Chitosan 122 ratio for F-0, F-12, F-20 and F-40 was 0 mL:1 g, 12 mL:1 g, 20 mL:1 g and 40 mL:1 123 g, respectively. The CFAL-Chitosan stock solutions were freshly made and diluted ten 124 times before use. 125
Molecular weight and component analysis 126
The molecular weight (Mv) of CFAL-Chitosan was obtained from the intrinsic 127 viscosity using Mark-Houwink-Sakurada equation reported before (Wang et al. 1991) . 128
The intrinsic viscosity was determined using 0. Referring to the empirical equation (Shi et al. 2015) , the broken floc size was plotted 171 against the average velocity gradient in a log-log scale and the slope of the curve (γ) is 172 the main factor to quantify floc stability. 173 logd = logC -γlogG 174 where d is the median floc diameter (d0.5) after breakage, μm; C is the floc strength 175 co-efficient; γ is the stable floc exponent and G is the average velocity gradient, s -1 . 176
Results

177
Characteristics of CFA and CFAL-Chitosan
178
The pre-treated CFA used in this study mainly consisted of SiO2, Al2O3, and Fe2O3 179 (Table S1 ). The XRD showed the presence of quartz (SiO2), mullite (3Al2O3·2SiO2), 180 10 hematite (Fe2O3) and corundum (Al2O3) in pre-treated CFA (Fig.S1 ). The metal ions 181 leached from the pre-treated CFA were more evident under acid conditions (pH=2.88) 182 but less concerned when pH was 7.5 (Table 1 ). The total Al and Fe in CFAL-Chitosan 183 increased with the increeasing ratio of CFAL/Chitosan and the chitosan-Al and -Fe 184
were detected in CFAL-Chitosan (Fig.1) . 185 Table 1 is here. 186 indicating that the floc stability was improved (Fig.7) . However, when excessive 242 CFAL was added (F40), the floc stability decreased compared to CFAL-Chitosan 243 (F-12) (Fig.7) . 244 
The M.A. removal by chitosan with CFAL
263
Although CFAL alone was not effective in M.A. removal (Table S2) , it enhanced M.A. 264 flocculation of chitosan (F-12, F-20, Fig.4) . The removal rate of F-12 and F-20 265 reached over 95% at 3 and 3.5 mg/L, respectively and was higher than chitosan 266 without CFAL (Fig.4) . Moreover, the floc of F-12 were 34% larger and more stable 267 and sunk faster together with a ballast than chitosan without CFAL (Fig.5, 6 & 7) . For F-12, when the dosage was higher than 3 mg/L, the electrostatic repulsion 286 between M.A. flocs kept low and the M.A. removal remained over 90% (Fig.4) . The long chain structure of chitosan is largely responsible for the bridging-netting 297 property which is positively related to the molecular weight (Li et al. 2013). When 298 chitosan was modified by CFAL, the molecular weight (Mv) of CFAL-Chitosan 299 decreased (Fig.2) , indicating that the long chain structure of chitosan was adversely 300 influenced and the bridging-netting ability was weakened by the over dosed CFAL. 301
The hydrochloride acid in CFAL may trigger the hydrolysis of chitosan molecules 302 which supported the weakening of bridging-netting effect (Fig.5 & 6) . 305 including CFA particles and CFAL is the prerequisite for its application in natural 315 waters. Since the heavy metal ions such as Mn and Ba (Table S3) were detected in 316 CFAL, the dosage of CFAL used in chitosan modification should be carefully 317 optimized which was closely related to the amount of heavy metals ions introduced to 318 the algal solution. Although the metal mobility in pre-treated CFA under alkaline 319 conditions was low (pH=7.50) and within the allowable limits of USEPA standard for 320 hazardous materials (1994), it may be a concern under acid conditions (Table 1) . CFA 321 may also contain persistent organic pollutants such as PAH and dioxin. The 322 availability of these pollutants in CFA under wide environmental conditions needs 323 further investigation. Moreover, CFA composition varies from coal types and 324 17 combustion processes. CFA screening is essential before it can be used for HAB 325 control. 326
Flocculation materials and methodology
The pH and metal residuals in algal solution before and after flocculation were not 327 significantly influenced (Table S4) was diluted suggesting that the acid concentration used for CFA leaching can be 336 reduced in practical application to alleviate the negative impacts on chitosan structure. 337
There was a balance between the charge neutralization enhancement and structural 338 influence of chitosan when modified by CFAL. It is likely that the M.A. removal can 339 be potentially improved by screening mild extracting agents which not only extract 340
Al/Fe but also maintain the chitosan structure. 341
Environmental implications
342
In the past decades, efforts have been made to reduce the external loading via 343 improving environmental standards such as wastewater treatment and agriculture, and 344 internal loading such as adding P-sorption materials and sediment dredging 345 
